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Introduction {#sec005}
============

Managing difficult pediatric airway is challenging especially under two years of age, because of the following physiological features \[[@pone.0237593.ref001]\]. Neonates and infants have elevated metabolic rate and lower functional residual capacity compared with adults \[[@pone.0237593.ref002]\]. Neonates and infants become desaturated more rapidly than adults because of the physiological features. Awake intubation is recommended when managing anticipated difficult airway in adults \[[@pone.0237593.ref003]--[@pone.0237593.ref005]\]. Awake intubation is rarely possible in children due to lack of cooperation of pediatric patients \[[@pone.0237593.ref006]\]. Conducting randomized clinical trials in children with difficult airways is very difficult. The major challenges to performing such trials are the limited number of subjects qualifying for enrollment and variability in airway anatomy.

The MultiViewScope (MVS) is a video laryngoscope system, in which the video monitor handle can be attached to a stylet scope, Miller blade, Macintosh blade, or fiberscope. MVS Stylet Scope is reported to be useful in difficult pediatric airway associated with Schwartz--Jampel syndrome \[[@pone.0237593.ref007]\]. MVS Stylet Scope has a rigid fiberoptic device with a 90-degree curved tip, which facilitates targeted intubation. MVS Stylet Scope is different from StyletScope (Nihon Kohden, Tokyo, Japan), which has the 75-degree flexible distal tip \[[@pone.0237593.ref008]\].

The objective of this randomized crossover study was to determine which of the devices, a standard direct laryngoscope with Miller \#1 blade, or the MVS Stylet Scope, was associated with shorter times for successful tracheal intubation by expert anesthesiologists or anesthesiology residents in two manikins, simulating infants with a normal airway or the difficult airway of Pierre Robin Sequence.

Materials and methods {#sec006}
=====================

This manuscript adheres to the applicable CONSORT guidelines. The supporting CONSORT checklist is available as [S1 Fig](#pone.0237593.s001){ref-type="supplementary-material"}. The ethics committee of Kagoshima University Hospital approved this randomized, crossover, manikin study. We conducted this study from September 2018 to December 2019 at Kagoshima University Hospital. We prospectively registered this study on a publicly accessible database (UMIN Clinical Trials Registry ID: UMIN000033456). We obtained written informed consent from all participants. Fifteen Japanese Society of Anesthesiology board certified anesthesiologists as expert anesthesiologists and Fifteen anesthesiology residents participated in the study. We decided to analyze data separately from expert anesthesiologists and anesthesiology residents to evaluate utility of the MVS Stylet Scope in both groups.

Protocol {#sec007}
--------

We asked all participants about their experience in anesthesiology, in pediatric anesthesia, and in MVS Stylet Scope. All participants received a 10-min standardized demonstration before the measurements. All participants were given 10 min to practice on a 3--6-month Airsim Baby manikin (TruCorp, Co.Armagh, N. Ireland) with MVS stylet scope. We used Airsim Baby manikin as normal pediatric airway. A 3--6-month Airsim Pierre Robin manikin (TruCorp, Co.Armagh, N. Ireland), which had been designed in line with the characteristics of an infant patient with Pierre Robin syndrome, was used as the difficult pediatric airway. The study devices consisted of the MVS Stylet Scope, MVS-SC25 (MPI, Tokyo, Japan, [Fig 1](#pone.0237593.g001){ref-type="fig"}) and the direct laryngoscope with the size 1 blade of Miller (HEINE Optotechnik, Herrsching, Germany).

![The MVS Stylet Scope.](pone.0237593.g001){#pone.0237593.g001}

The outer diameter of MVS-SC25 was 2.5mm. The endotracheal tube of inner diameter of 3.0 to 4.0 mm were able to be attached to the MVS-SC25. We used a 3.5 mm uncuffed endotracheal tube (Covidien, Medtronic, Minneapolis, MN, USA) for each intubation attempt. We used a 6 French outer diameter malleable intubating stylet (Parker Medical, Bridgewater, CT, USA) for intubation with the direct laryngoscope with the Miller blade. We standardized the stylet shape to mimic the curve of the MVS Stylet Scope. Participants performed intubation with the Airsim Baby manikin first, and then with the Airsim Pierre Robin manikin. We did not randomize the order of manikins, because we compared the devices not the manikins. Participants performed intubation twice (with the MVS Stylet Scope or with the direct laryngoscope) with each manikin. Participants in each group used the intubation devices in an order randomized by the internet-based software \[Research Randomizer (Version 4.0) Retrieved on October 13, 2016, from <http://www.randomizer.org/>\]. There was no restriction of randomization (such as blocking and block size). The researcher (KG) generated the random allocation sequence, enrolled participants, and assigned participants to interventions. No one is blinded to the allocation. The duration of successful intubation (between the time when endotracheal tube entered the oral cavity and the time when the lungs were positively ventilated) was measured by the same researcher (KG). We considered it is an unsuccessful attempt, if intubation could not be completed in 90 s. We considered it is an unsuccessful intubation, if intubation could not be performed on the third attempt. Participants assessed the best glottic view on the Cormack--Lehane scale, the difficulty of intubation (NRS, Numerical Rating Scale of 0--10, where 0 indicates "no difficulty" and 10 indicates "maximum difficulty"), and preference of the two devices (the MVS Stylet Scope or the direct laryngoscope) for intubation. A pressure film transducer (LLLW Prescale Pressure Film, full scale 0.6 MPa, accuracy 10%, Fujifilm, Tokyo, Japan) was used to measure the force exerted on the incisors during intubation. The film transducer was composed of two layers. One contained microcapsules full of a coloring fluid substance; the other one was the fixing layer. When the microcapsules broke the films underwent a color change proportional to the applied pressure. After each intubation, the impressed layer was scanned and processed using Image J (U. S. National Institutes of Health, Bethesda, Maryland, USA), which generated a matrix containing the mean pressure intensity with a spatial resolution of 0.1 mm^2^. The intensity of the resultant force was then calculated by adding the contributions in pressure on each mm^2^ of the film transducer.

Statistical analysis {#sec008}
--------------------

The primary outcome was the time of successful intubation. The secondary outcomes were the force exerted on the incisors during intubation, Cormack--Lehane scale, the difficulty of intubation, preference of the two devices for intubation, and failure rate \[[@pone.0237593.ref009]\]. We considered 10 sec in the time of successful intubation as clinically significant. To detect a difference of 10 sec in the time of successful intubation with a two-sided approximation accepting an α error of 5% and a β error of 10%, the required study size was calculated as 15 participants in one group based on a previous study using Power and Sample Size Calculation version 3.1.2 (Dupont WD and Plummer WD, Vanderbilt University, Nashville, TN) \[[@pone.0237593.ref010]\]. Normally distributed data are shown in means and standard deviations (SD). Data, which were not normally distributed, are shown in medians and interpercentile ranges (IQR). Statistical analysis was performed using Mann-Whitney test and 2-way ANOVA and ANOVA for Cross-over design (GraphPad Prism 7.0, La Jolla, CA, USA). *P* \< 0.05 was considered statistically significant except for carryover effects. For carryover effects, we considered *P* \< 0.1 as statistically significant. Comparison of data from study period 1 were performed, when carryover effect was detected. All data and raw images were deposited in a public repository \[[@pone.0237593.ref011], [@pone.0237593.ref012]\].

Results {#sec009}
=======

The CONSORT diagram is shown in [Fig 2](#pone.0237593.g002){ref-type="fig"}.

![The CONSORT flow diagram of the study.](pone.0237593.g002){#pone.0237593.g002}

Of 30 participants considered eligible for the study, no participant was excluded. The data from all participants were included in the study. [Table 1](#pone.0237593.t001){ref-type="table"} shows the participants' characteristics. There was no clinically significant difference between groups. There were no missing data.

10.1371/journal.pone.0237593.t001

###### Participants' characteristics.

![](pone.0237593.t001){#pone.0237593.t001g}

  ---------------------------- -------------------- --------------------
  Expert anesthesiologists     SS then DL (n = 8)   DL then SS (n = 7)
  Experience in anesthesia                          
      Less than a year (n)     0                    0
      1--3 years (n)           0                    0
      3--5 years (n)           1                    0
      More than 5 years (n)    7                    7
  Experience in PA                                  
      Less than a year (n)     0                    0
      1--3 years (n)           0                    0
      3--5 years (n)           1                    1
      More than 5 years (n)    7                    6
  Experience in using SS                            
      For the first time (n)   6                    7
      Less than 10 times (n)   2                    0
      More than 10 times (n)   0                    0
  Anesthesiology residents     SS then DL (n = 8)   DL then SS (n = 7)
  Experience in anesthesia                          
      Less than a year (n)     4                    3
      1--3 years (n)           3                    2
      3--5 years (n)           1                    2
      More than 5 years (n)    0                    0
  Experience in PA                                  
      Less than a year (n)     5                    3
      1--3 years (n)           2                    3
      3--5 years (n)           1                    1
      More than 5 years (n)    0                    0
  Experience in using SS                            
      For the first time (n)   7                    7
      Less than 10 times (n)   1                    0
      More than 10 times (n)   0                    0
  ---------------------------- -------------------- --------------------

Abbreviations: DL, Direct laryngoscope; PA, pediatric anesthesia; SS, MultiViewScope Stylet Scope.

The primary and secondary outcomes are shown in Tables [2](#pone.0237593.t002){ref-type="table"} to [5](#pone.0237593.t005){ref-type="table"}.

10.1371/journal.pone.0237593.t002

###### Results of expert anesthesiologists with normal pediatric airway.

![](pone.0237593.t002){#pone.0237593.t002g}

                                                 Intubation device                 
  ---------------------------------------------- ------------------- ------------- -----------------------------------
  Time (sec), mean (SD)                          22.6 (8.8)          24.3 (7.7)    
  LSmean (95%CI), *p* value                                                        1.5 (-3.2 to 6.3), *P* = 0.50
  Force (N), mean (SD)                           33.4 (17.5)         68.7 (19.5)   
  LSmean (95%CI), *p* value                                                        34.8 (20.4 to 49.2), *P* \< 0.001
  Cormack--Lehane scale (grade), median (IQR)    1 (1 to 1)          1 (1 to 1)    
  LSmean (95%CI), *p* value                                                        0.13 (-0.07 to 0.33), *P* = 0.18
  Difficulty of intubation (NRS), median (IQR)   2 (0 to 3)          2 (0 to 4)    
  LSmean (95%CI), *p* value                                                        0.38 (-0.78 to 1.53), *P* = 0.50

Abbreviations: CI, Confidence interval; DL, Direct laryngoscope; IQR, Interquartile range; LSmean, Least square mean; NRS, Numerical Rating Scale; SD, Standard deviation; SS, MultiViewScope Stylet Scope. *P* values were calculated using ANOVA for Cross-over design.

10.1371/journal.pone.0237593.t003

###### Results of expert anesthesiologists with difficult pediatric airway.

![](pone.0237593.t003){#pone.0237593.t003g}

                                                 Intubation device                 
  ---------------------------------------------- ------------------- ------------- -----------------------------------
  Time (sec), mean (SD)                          25.3 (13.2)         28.0 (15.0)   
  LSmean (95%CI), *p* value                                                        2.9 (-6.1 to 12.0), *P* = 0.49
  Force (N), mean (SD)                           35.3 (28.2)         55.8 (23.6)   
  LSmean (95%CI), *p* value                                                        20.7 (6.9 to 34.4), *P* = 0.006
  Cormack--Lehane scale (grade), median (IQR)    1 (1 to 1)          2 (1 to 2)    
  LSmean (95%CI), *p* value                                                        0.58 (0.35 to 0.82), *P* \< 0.001
  Difficulty of intubation (NRS), median (IQR)   2 (1 to 3)          3 (3 to 5)    
  LSmean (95%CI), *p* value                                                        1.59 (0.57 to 2.60), *P* = 0.005

Abbreviations: CI, Confidence interval; DL, Direct laryngoscope; IQR, Interquartile range; LSmean, Least square mean; NRS, Numerical Rating Scale; SD, Standard deviation; SS, MultiViewScope Stylet Scope. *P* values were calculated using ANOVA for Cross-over design.

10.1371/journal.pone.0237593.t004

###### Results of anesthesiology residents with normal pediatric airway.

![](pone.0237593.t004){#pone.0237593.t004g}

                                                 Intubation device                            
  ---------------------------------------------- --------------------- ---------------------- ------------------------------------------------------------------------
  Time (sec), mean (SD)                          28.1 (8.2)            30.7 (10.8)            
  LSmean (95%CI), *p* value                                                                   2.8 (-2.1 to 7.8), *P* = 0.24[^a^](#t004fn002){ref-type="table-fn"}
  Cormack--Lehane scale (grade), median (IQR)    1 (1 to 1)            1 (1 to 1)             
  LSmean (95%CI), *p* value                                                                   0.20 (-0.03 to 0.44), *P* = 0.08[^a^](#t004fn002){ref-type="table-fn"}
  Difficulty of intubation (NRS), median (IQR)   2 (1 to 3)            3 (1 to 5)             
  LSmean (95%CI), *p* value                                                                   1.13 (-0.30 to 2.57), *P* = 0.11[^a^](#t004fn002){ref-type="table-fn"}
  Carryover effect                                                                            
  Force (N), mean (95%CI), Paired analysis       \-                    \-                     62.3 (29.9 to 94.6), *P* = 0.005[^a^](#t004fn002){ref-type="table-fn"}
  Comparison of data from study period 1         MVS Stylet Scope      Direct laryngoscope    Mann-Whitney test
  Force (N), median (IQR)                        17.6 (12.1 to 21.1)   83.8 (28.1 to 106.9)   *P* = 0.006[^b^](#t004fn003){ref-type="table-fn"}
  Force (N), n                                   8                     7                      

Abbreviations: CI, Confidence interval; DL, Direct laryngoscope; IQR, Interquartile range; LSmean, Least square mean; NRS, Numerical Rating Scale; SD, Standard deviation; SS, MultiViewScope Stylet Scope.

^a^*P* values were calculated using ANOVA for Cross-over design

^b^*P* value was calculated using Mann-Whitney test.

10.1371/journal.pone.0237593.t005

###### Results of anesthesiology residents with difficult pediatric airway.

![](pone.0237593.t005){#pone.0237593.t005g}

                                                 Intubation device                 
  ---------------------------------------------- ------------------- ------------- ----------------------------------
  Time (sec), mean (SD)                          29.7 (10.0)         28.4 (9.1)    
  LSmean (95%CI), *p* value                                                        -1.2 (-5.8 to 3.5), *P* = 0.60
  Force (N), mean (SD)                           28.4 (20.1)         50.1 (32.2)   
  LSmean (95%CI), *p* value                                                        21.8 (8.7 to 34.8), *P* = 0.003
  Cormack--Lehane scale (grade), median (IQR)    1 (1 to 1)          1 (1 to 2)    
  LSmean (95%CI), *p* value                                                        0.41 (0.13 to 0.69), *P* = 0.007
  Difficulty of intubation (NRS), median (IQR)   2 (1 to 3)          4 (2 to 6)    
  LSmean (95%CI), *p* value                                                        1.47 (0.47 to 2.47), *P* = 0.007

Abbreviations: CI, Confidence interval; DL, Direct laryngoscope; IQR, Interquartile range; LSmean, Least square mean; NRS, Numerical Rating Scale; SD, Standard deviation; SS, MultiViewScope Stylet Scope. *P* values were calculated using ANOVA for Cross-over design.

The detailed analyzed data are shown in [S1](#pone.0237593.s006){ref-type="supplementary-material"}--[S4](#pone.0237593.s009){ref-type="supplementary-material"} Tables. MVS Stylet Scope significantly improved the force exerted on the incisors during intubation in the expert anesthesiologists with normal pediatric airway ([Table 2](#pone.0237593.t002){ref-type="table"}). There were no differences between MVS Stylet Scope and Direct laryngoscope in the time of successful intubation, Cormack--Lehane scale, and the difficulty of intubation in the expert anesthesiologists with normal pediatric airway. Eight out of 15 preferred MVS Stylet Scope and there was no intubation failure.

MVS Stylet Scope significantly improved the force exerted on the incisors during intubation, Cormack--Lehane scale, and the difficulty of intubation in the expert anesthesiologists with difficult pediatric airway ([Table 3](#pone.0237593.t003){ref-type="table"}). There were no differences between MVS Stylet Scope and Direct laryngoscope in the time of successful intubation in the expert anesthesiologists with difficult pediatric airway. Fourteen out of 15 preferred MVS Stylet Scope and there was no intubation failure.

We analyzed data from study period 1, because of carryover effect in the force in the anesthesiology residents with normal pediatric airway ([Table 4](#pone.0237593.t004){ref-type="table"}). MVS Stylet Scope significantly improved the force exerted on the incisors during intubation in the anesthesiology residents with normal pediatric airway. There were no differences between MVS Stylet Scope and Direct laryngoscope in the time of successful intubation, Cormack--Lehane scale, and the difficulty of intubation in the anesthesiology residents with normal pediatric airway. Eight out of 15 preferred MVS Stylet Scope and there was no intubation failure.

MVS Stylet Scope significantly improved the force exerted on the incisors during intubation, Cormack--Lehane scale, and the difficulty of intubation in the anesthesiology residents with difficult pediatric airway ([Table 5](#pone.0237593.t005){ref-type="table"}). There were no differences between MVS Stylet Scope and Direct laryngoscope in the time of successful intubation in the anesthesiology residents with difficult pediatric airway. Twelve out of 15 preferred MVS Stylet Scope and there was no intubation failure.

The subject profile plots are shown in [S2](#pone.0237593.s002){ref-type="supplementary-material"}--[S5](#pone.0237593.s005){ref-type="supplementary-material"} Figs.

Discussion {#sec010}
==========

MVS Stylet Scope did not shorten time of successful intubation in any situation compared with direct laryngoscope using Miller \#1 blade. MVS Stylet Scope, however, did improve the force exerted on the incisors during intubation of normal pediatric airway in both expert anesthesiologists and anesthesiology residents. In addition, MVS Stylet Scope significantly improved the force exerted on the incisors during intubation, Cormack--Lehane scale, and the difficulty of intubation with difficult pediatric airway situation in both expert anesthesiologists and anesthesiology residents. Although the differences of Cormack--Lehane scale between the MVS Stylet Scope and the direct laryngoscope using Miller \#1 blade were small, we consider the differences are clinically significant. The reason is that the participants in the both groups reported improved difficulty of intubation with the MVS Stylet Scope.

Although MVS Stylet Scope significantly improved the visualization of vocal cords and the difficulty of intubation in difficult pediatric airway manikin. The results were in line with the previous study \[[@pone.0237593.ref013]\]. Vlatten et.al. compared Bonfils retromolar intubation fiberscope with direct laryngoscope using Miller blade in the simulated difficult pediatric airway. The Bonfils retromolar intubation fiberscope is another type of optical stylets \[[@pone.0237593.ref014]\]. The Bonfils retromolar intubation fiberscope provided a better view of the larynx than direct laryngoscopy, but the time to intubate was not improved. Vlatten reported that median time to intubate with the Bonfils retromolar intubation fiberscope was 11 s. Mean time to intubate with MVS Stylet Scope was 20.2 to 31.6 s in our study. Other trials have reported that mean or median intubation time with Bonfils retromolar intubation fiberscope was 36 to 58 s \[[@pone.0237593.ref015]--[@pone.0237593.ref017]\]. The difference between MVS Stylet Scope and Bonfils retromolar intubation fiberscope is the tip designs. The MVS Stylet Scope has a 90-degree semi-malleable tip, although Bonfils retromolar intubation fiberscope has a 40-degree rigid tip.

We used pressure film transducer to measure the forces on the maxilla \[[@pone.0237593.ref018]\]. Some studies have used subjective measurement of the forces by a single observer \[[@pone.0237593.ref019], [@pone.0237593.ref020]\]. We believe that the film transducer method measures the forces more objectively than the subjective measurement. The mean measured forces were 17.6 to 72.8 N. The forces are comparable with previous reports \[[@pone.0237593.ref018], [@pone.0237593.ref021]\].

It is noteworthy that the times of successful intubation and Cormack--Lehane scale are similar in the two manikins. The mean time of successful intubation in the difficult pediatric airway was 28.4 sec, which was shorter than that of the normal pediatric airway (30.7 sec) in the anesthesiology residents. This may be due to the learning effects, because the mean time of successful intubation in the difficult pediatric airway (28.0 sec) was longer than that of the normal pediatric airway (24.3 sec) in the experienced expert anesthesiologists. Hippard et al. have reported that the time to intubation in the difficult pediatric airway manikin was shorter than the normal pediatric airway manikins \[[@pone.0237593.ref020]\]. We do not consider the learning effects have influenced our results, because we compared the devises, not the manikins.

The strength of this study are the rigorous randomized crossover design and objective measurement of the forces. Some airway manikin studies using have not applied randomized sequences, or evaluated the carryover effects \[[@pone.0237593.ref013], [@pone.0237593.ref018]\]. As we detected carryover effects in the anesthesiology residents with normal pediatric airway situation, the sequences may have effects on the outcomes.

Our study has several limitations. First, we used pediatric airway manikins. Some anesthesiologists believe that rigid plastic manikins, lack of collapsible soft tissues, absence of secretions make them unlikely to be useful surrogates for difficult airway \[[@pone.0237593.ref014]\]. The both manikins, which we used, have been evaluated in clinical studies repeatedly \[[@pone.0237593.ref020], [@pone.0237593.ref022], [@pone.0237593.ref023]\]. Another limitation of this study was that we did not randomize the order of manikins. This may account for our result that the time of successful intubation in the difficult pediatric airway was short compared to the normal pediatric airway in the anesthesiolosy residents. Third, most participants did not have experience using MVS Stylet Scope. Only three participants have used MVS Stylet Scope less than 10 times, and no one has used it more than 10 times. It is possible that the results might be different if experienced anesthesiologists participated.

In conclusion, although less forces on the incisors and improved view of glottis were observed with the MVS Stylet Scope, MVS Stylet Scope did not shorten the time of intubation. The results of this study mean that the MVS Stylet Scope may be a less invasive airway devise than the direct laryngoscope with the Miller blade in the pediatric airway management. For the next step, we need to evaluate the MVS Stylet Scope in the real patients as an observational study.
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3.) Introduction: \... pediatric airway is challenging\... What makes the pediatric airway challenging? Please be more spcific in this section. Is it an anatmically challenging airway (Is it the visulization of the glottis? Tube positioning?)? Or a physilogically difficult airway (risk of hypoxia)? Or both?

4.) What age does the infant manikin mimiking Pierre Robin syndrome represent? Could it be a problem that potentiallt two different ages are used for this trial? Please comment.

5.) I am not sure if I understood the randomization process correctly. Why was the \"normal\" airway intubated first, followed by the Pierre Robing manikin? Where is the randomization with this approach?

6.) Data is reported as median? Statistics is reported as means? This seems confisuing, could you please report median with corresponding tests or means with the approbiate tests?

7.) Looking at Cormack and Lehane gradring and intubation times it seems that the difficult airway might not have been difficult. Could this have influenced the data presented? Please comment.

8.) Cormack Lehane grading looks VERY similar CL1 (1 to 1) vs CL2 (1 to 2) between devices in difficult airway scenario. Not sure how the p \<0.001 fits to this? Is a CL1 vs CL2 clinically relevant?

9.) Discussion line 216 - 218. How can the MVS provide a better view then the Bonfils? Is there a published trial to support this? Most trials with the Bonfils describe a CL1 view (which is needed to advance the tube). Please check and comment.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: **Yes: **Dr. Ruediger Noppens

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0237593.r002
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Academic Editor
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19 July 2020

Dear Dr. Schmölzer,

Response to review of PONE-D-20-17747: Comparison of the MultiViewScope Stylet Scope and the direct laryngoscope with the Miller blade for the intubation in normal and difficult pediatric airways: a randomized, crossover, manikin study.

We would like to thank the reviewer for the comments and for the help in improving the quality and clarity of our manuscript. Below are our point-by-point responses to their questions and suggestions. We hope that our manuscript is now suitable for publication in PLOS ONE.

Reviewer\'s report:

Reviewer \#1

General:

Thank you very much for going through the trouble of doing research in the field of pediatric airway management. Manikin trials are mandatroy to evalaute new devices and new techniques for airway management but have their own limitations. I appreaciated that the authors mentioned some of these limitations in their discussion section of the manuscript. However, I was wondering what these data actually mean for the anesthesiologist? What are next meaningful steps to further evaluate the MultiViewScope? I suggest to include some information in the manuscript (discussion section) what these data mean and what the next steps could be.

Answer, as reviewer \#1 suggested we include the information in the abstract and discussion.

Page 3, line 40: The results of this study mean that the MVS Stylet Scope may be a less invasive airway devise than the direct laryngoscope with the Miller blade in the pediatric airway management. For the next step, we need to evaluate the MVS Stylet Scope in the real patients as an observational study.

Page 25, line265: The results of this study mean that the MVS Stylet Scope may be a less invasive airway devise than the direct laryngoscope with the Miller blade in the pediatric airway management. For the next step, we need to evaluate the MVS Stylet Scope in the real patients as an observational study.

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Major Compulsory Revisions (that the author must respond to before a decision on publication can be reached):

1.) The MultiViewScope Stylet is not a comonly used device in the word. I suggest to include a picture in the manuscript and elaborate a little more the build of the design. This would help the readers that are not familiar with the device.

Response: as the reviewer \#1 suggested we include the picture.

Page 7, line 92: Fig 1. The MVS Stylet Scope.

2.) Abstract, concusions: Please include information what the presented data actually mean. What is the concusion after performing this trial and presenting the data? The current version of the conclsion is a very short result summary.

Answer, as reviewer \#1 suggested we include the information in the abstract and discussion.

Page 3, line 40: The results of this study mean that the MVS Stylet Scope may be a less invasive airway devise than the direct laryngoscope with the Miller blade in the pediatric airway management. For the next step, we need to evaluate the MVS Stylet Scope in the real patients as an observational study.

Page 25, line265: The results of this study mean that the MVS Stylet Scope may be a less invasive airway devise than the direct laryngoscope with the Miller blade in the pediatric airway management. For the next step, we need to evaluate the MVS Stylet Scope in the real patients as an observational study.

3.) Introduction: \... pediatric airway is challenging\... What makes the pediatric airway challenging? Please be more spcific in this section. Is it an anatmically challenging airway (Is it the visulization of the glottis? Tube positioning?)? Or a physilogically difficult airway (risk of hypoxia)? Or both?

Answer, we added the sentence in the introduction.

Page 4, line 47: because of the following physiological features

4.) What age does the infant manikin mimiking Pierre Robin syndrome represent? Could it be a problem that potentiallt two different ages are used for this trial? Please comment.

Answer, the age of the Pierre Robin manikin is a 3--6-month.

Page 7, line 86: A 3--6-month

5.) I am not sure if I understood the randomization process correctly. Why was the \"normal\" airway intubated first, followed by the Pierre Robing manikin? Where is the randomization with this approach?

Answer, as the reviewer \#1 suggested, we added the reason.

Page 7, line 112: We did not randomize the order of manikins, because we compared the devices not the manikins.

Page 25, line 257: Another limitation of this study was that we did not randomize the order of manikins. This may account for our result that the time of successful intubation in the difficult pediatric airway was short compared to the normal pediatric airway in the anesthesiolosy residents.

6.) Data is reported as median? Statistics is reported as means? This seems confisuing, could you please report median with corresponding tests or means with the approbiate tests?

Answer, as the reviewer \#1 suggested, we added the explanations.

Page 9, line 137: Normally distributed data are shown in means and standard deviations (SD). Data, which were not normally distributed, are shown in medians and interpercentile ranges (IQR).

7.) Looking at Cormack and Lehane gradring and intubation times it seems that the difficult airway might not have been difficult. Could this have influenced the data presented? Please comment.

Answer, we believe that the small difference between the two manikins is due to the learning effects.

Page 24, line 239: It is noteworthy that the times of successful intubation and Cormack--Lehane scale are similar in the two manikins. The mean time of successful intubation in the difficult pediatric airway was 28.4 sec, which was shorter than that of the normal pediatric airway (30.7 sec) in the anesthesiology residents. This may be due to the learning effects, because the mean time of successful intubation in the difficult pediatric airway (28.0 sec) was longer than that of the normal pediatric airway (24.3 sec) in the experienced expert anesthesiologists. Hippard et al. have reported that the time to intubation in the difficult pediatric airway manikin was shorter than the normal pediatric airway manikins \[20\]. We do not consider the learning effects have influenced our results, because we compared the devises, not the manikins.

8.) Cormack Lehane grading looks VERY similar CL1 (1 to 1) vs CL2 (1 to 2) between devices in difficult airway scenario. Not sure how the p \<0.001 fits to this? Is a CL1 vs CL2 clinically relevant?

Answer, since this study was a crossover study, the paired analysis was done. The paired analysis can detect small differences.

Page 22, line 212: Although the differences of Cormack--Lehane scale between the MVS Stylet Scope and the direct laryngoscope using Miller \#1 blade were small, we consider the differences are clinically significant. The reason is that the participants in the both groups reported improved difficulty of intubation with the MVS Stylet Scope.

9.) Discussion line 216 - 218. How can the MVS provide a better view then the Bonfils? Is there a published trial to support this? Most trials with the Bonfils describe a CL1 view (which is needed to advance the tube). Please check and comment.

Response: as the reviewer \#1 suggested, we deleted the sentence.

Page 23, line 231: Because of the difference in the tip, The MVS Stylet Scope might provide better view of vocal cords than Bonfils retromolar intubation fiberscope.

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Minor Essential Revisions (such as missing labels on figures, or the wrong use of a term, which the author can be trusted to correct):

None

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Discretionary Revisions (which the author can choose to ignore):

None

\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\-\--

Sincerely yours,

Kohei Godai, M.D., Ph.D.

Department of Anesthesiology and Critical Care Medicine, Graduate School of Medical and Dental Sciences, Kagoshima University, 8-35-1 Sakuragaoka, Kagoshima 890-8520, Japan

Tel: +81-99-275-5430; Fax: +81-99-265-1642

E-mail: <kxg179@icloud.com>

10.1371/journal.pone.0237593.r003
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PONE-D-20-17747R1

Dear Dr. Godai,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Georg M. Schmölzer

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:
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Comparison of the MultiViewScope Stylet Scope and the direct laryngoscope with the Miller blade for the intubation in normal and difficult pediatric airways: a randomized, crossover, manikin study

Dear Dr. Godai:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Georg M. Schmölzer

Academic Editor

PLOS ONE
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